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Abstract: Objective To construct an automated chromatography system and investigate the application of low-cost physical sensors
electrical conductivity, pH, and oxidation-reduction potential (ORP) for process monitoring. Methods The system was composed
with a peristaltic pump, liquid level feedback control module, and online detection module, with real-time data acquisition and process
control facilitated by LabVIEW software. Ginkgo biloba leaf water suspension was employed as the target for chromatography
processing. The correlation between physical parameters and ethanol concentration, as well as component content, was investigated.
Results Ginkgolide C exhibits a strong positive correlation with electrical conductivity (r = 0.92), whereas ethanol concentration
displays significant negative correlations with electrical conductivity (# = —0.85) and ORP (» = —0.83). A multiple regression model
was utilized to establish the relationship between ethanol concentration, ginkgolide C content, and physical parameters in the effluent
from the chromatography column. The model was validated in an additional experiment, with the average absolute deviation (AAD)
for ethanol concentration being 4.45%, and for ginkgolide C content, the AAD was 0.65%. The automated system markedly enhanced

data collection efficiency, enabling the acquisition of 1 800 sets of physical parameter data per hour, thus laying a solid foundation for
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further exploration of chromatography process patterns. Conclusion The study demonstrates that employing physical quantity sensors

after the chromatography column to collect data enables the accurate measurement of key components in the effluent, such as specific

indicators and ethanol, which holds great potential for practical applications.

Key word: automated chromatography system; Ginkgo biloba extract; online detection; automatic control; physical quantity sensor;

ginkgolide C

G 2 e M E R T2, Bk
FRBEST9R AL RSO XS I A L s -2, Al T
2T T R A, B T T R AR AE (i
2RI TR R s ) B A R A8 e it T )
KHHL= % (Raman spectroscopy, RS) T L4k
i (near infrared spectroscopy, NIRS) Al & i
WA OB MR, R /> — 3% (partial least
squares method, PLS) 5y A] #EMiZRAAH S BT
B B BRI E I A NIRS HiR, 456245
25 vF it #2 % 1] ( multivariable statistical process
control, MSPC) 5 PLS ik, MIIHWESZZ
PR AT (03 I A o SIEHRL T i B 4 A 2 A B ke 0 AN
A FEShAS I . BRIEMITIR F AT Wo'b-1a 204G
W, 454 MSPC Hik, ARORMNIESR 5 75 1HRA
A s S Mt ARk . R NIRS VARESE AL 1A
S50, EAEARAMIE B, FE Tt
RHEFIARAERE it SRS T i3 . IbAh, 10775 R
BEZ TOR IR SR B SR A, T #j A L
ARV FEARMEFEROR, BRI T HAE T A=z
NH. VEEARESS (W pH i BSERME M
FARERE, Rlah SR 2 T3fE . (2 H Ry E L s
A& n] DATE Hh 24 8 1 75 2 Aar I R 45 58 KA FH v
/o7 & -8 =N R L O = e RSN G2 7 alll I SE A IV
IR &, XTI CREE A SR
mEb. Bl EEEmEEASOKRE, BikRh
CPEEREHE [RISORT Al 3% 2 PSR AR I 38 2 Ak, B

g 25 0 i AR vh 7R SRR N s ) i A
WIR A B R, R E R0, [FI a3 T2
HORH SRR FE N TS, FENF R D H G s . b
I ) 3 e L I H SRR Be AT B k01
I, AW E SRR E BRI i RS,
ZARGHNEBME R RG, T i il
B E SRR . A BIESAT MEATA H T4 S )
Mz, S alds i) s i 72 I S R AR Py B &
[ 5% pH 1E A& AL IE J5 HL A7 Coxidation-reduction
potential, ORP)] ##fi. #HEMI 7 &M ETR
P Z [ A OO, 2@ BB S SRR AR 4

B RIS B R ECE A R T
HEARRSIER, LRSI SR .
1 XEEHH
1.1 %5

DIPump550-B146 BGEZNZE, LifER)IRTAE
BHHAIRAF; DN8 BIRE I TEKIR, & 2hglm
W 12278 56 LN-ISEP10L05 BY i 5 AL J# 2% . LN-
ISEP20L05 %Y pH f£ /8% . LN-ISRC20L05 B! A ftik
SRS, e R R TR R & AMRAR; CBT-
1009PL %Y RS232/RS485 fbe, <2k iE 7RI,
HIR/AT; ZS-RS485-HUB-4-1 B RS485 HE45 %%,
ZS-A0-4-20mA-10-RS485-1 UMD B R AL, 7
SEHERIECE R AR, CM482 B USB ¥ @1, &
INEERERFH R A R A s S-200-24 BYFF5CHLYK,
WL E G ASRHEARAR: P14 BB ICA K,
YA ZRHA R A7) XM-P102H B8 A 37
Vb, Bl ER A ES AR A A HH-6 B3R 1E
K, BRI R AR AR EQ-
100 2451 22 Dy RER RENL, WLz 7 TR AR A
Agilent Infinitylab LC/MSD R F1AH €135 5 13 F
1% Agilent HS-GC 8890-7697 BUSAHERE(L, 3£
ZHASRIHERA T RV 10 DIDITAL BYjieiE 2 k&
1%, EE KA A7,
1.2 X5

X HE AR 2, LS Q817161-20 mg, JH&E4)
$>97.0%, W H FifEE e AR IR A A5 %)
PRI 2Ty (S FY-1594-BD-20 mg, Jii 50 50>
95.0%) RATHEE A (5 FY-1756-B-100 mg, Jiii
B H>98.0%) 4 H B CFAEVRHA R A
R ER AT NG B, b5 G101969-50 mg, JiiE S
$>99.0%, W H BN JRIEA B IR A A %
MR ER, #S R019542-20 mg, iR H>
98.0%, W VL5 S REAENE 25T A PR~ w5 X iR
fh R AR, LS B121932-100 mg, iE S H>
98.0%, W H gk hr T AR A AR A A - R
AW C, L5 K918774-50 mg, Jii f: 43 $1>98.0%,
W E AR A R A F .

HEE, talai, 1 EEE Merck AF]; KO



FED 2025FE87 $56% H 158  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 15

* 5433 «

B (oyfraiD. R (i) FMIERE ()
B E 2R ARG IR AR s R 87Kl
Milli-Q /K4ifk &4t (f# [ Millipore 2 &) il #.
I E AR B DL 2 i A PR R AR

AT I b5 20231225, Z M RTEILZ5A
FRAR; #it5 20231205, ABAYRFARAF,;
b5 20231210, =N 1w SO AR R A .
2 HESH#R
2.1 BITgREE
211 M RGREAR KEFEH 8 MEW
M. 6 G 1 MOIEE. 9 MARR. 1 MR
Bty 1 MNELKI RS 4 ANBIREEAT 1 MK
PR T . S E SRR R LE 1. H
i, S RIS R EREE (P PR (P2).

(] )

Pt K

E1 BieiERgrEE (A) MEYE B)

Vel (P3). HAERE (P4) MAUKHEIERE (P5),
a3 I R S EE . 2B 6 BIRAIE (P6)
FCE T D R TR R O AR . R4S
R OB T 5 NMREFEATR, R0 R R
(VDL BB (V2O B (V3. 4 (V4) kel
K (V5D BEgh o AT T S MR 4% o B A ) T
FfE . TEZREIN R4t 11 DR AR (il i RR (115 B IR ik
ITIRAT . 2B NI 4 N T IR 23 2 il
MPEE (Ve HEREWIR (V7). B (V8)
AP (V9o 5 AN E AL A T AL &4 5%
OFEHI R ICZ BIFE S . N T @R AL 2225 75
K, EFEIETEREREM RO, EOWAEg, A
BLIIIIMEAEREFONSE T, S THNAERA
A F2E . fEas: By MMt 7 — 4w BT

Fig. 1 Schematic diagram (A) and physical diagram (B) of automated chromatographic system
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Fig.3 Multi-stage liquid level control strategy flowchart
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H R M 1.000 - - - - - - - - - -
RAABRC 0.344 1.000 - - - - - - - - -
RA M EEA 0.964™ 0322 1.000 - - - - - - - -
AT A BB 0991 0.245 0.968**  1.000 - - - - - - -
M = 0.922""  0.269 0.943*  0.933"*  1.000 - - - - - -
IES 0.962"** 0271 0977 0.974™  0.960™* 1.000 - - - - -
FRER 0.405 0.388 0.399 0.375 0392 0.402 1.000 - - - -
LIEARBUY L 0321 —0.952""  -0.315 -0229  -0.285 —0.283 —0417° 1.000 - - -
2R R 0.077 0.927"*  0.043 -0.017 0.007 —0.004 0.239 -0.857"*  1.000 - -
pH & 0254  -0.304 -0.240 0232  -0311 -0275 -0.191 0.464 -0.248  1.000 -
ORP 0.357 0.746"™* 0330 0.288 0353 0326 0.341 —0.832""  0.686™ —0.852"* 1.000
'P<0.05 "P<0.01 ™P<0.001.
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A1 ORP Z 8] () 5E BT, Hor, HRAY A B P it
RO QAR AN A 2 F o Bt 10 SRR AR 0 %
P AR N B AR B . eI AN A 3 A Hds

FURPVEE. B AN ST R 2R R S R e IS
U AR AR BARAE NE C 5 SRRz (A
AR HOR BT, FARTY ) (] 5 2R B J Ty 22 W
RUENEL 2. KT P HA/DNT 0.05, BEHIRIEE .
RIUVERAT A C AL B R2 1K F) T 0.80 BAE,
CEFARA 7 BT SRR R2 TAF] 0.85 BLE, ¥
BB BE AR IR 70 A8 7t . BRI R S 2R N iR 2
EAERRA I, P DA E A (i 2 R
JEORMAE T, TV AE P i SGvE 1 A

*®2 ZRAMEERENEEARKLFES T
Table 2 Regression coefficient and variance analysis of

multiple linear regression model

B f?%‘lﬂw% C ;@ME%&
EX P E3 P{a

B 12.650 0 - 3.3300 -
HS% 0.0020 <<0.0001 —0.0001 <<0.000 1
ORP 0.0569 <<0.0001 —0.0062 <<0.000 1
MEKNEE SR 0.1447 <0.0001 —0.0319 <0.000 1
R? 0.826 8 0.867 2
Ragi? 0.8152 0.856 3
PP {H <0.000 1 <0.000 1
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PR, SEMME S THEEAE K 2 B0 i R BB —
o LEEERFDEL AAD N 4.45%, ARATHES C i
BHIRE AAD N 0.65%, XK HBAILERHHLIX 2 Fh
b o R FE AR Ak B 0 THT B AL R A
AT EEE .
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Fig. 11 Measured values and calculated values of
ginkgolide C (A) and ethanol concentration (B) in

experimental verification
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VIR EAR KA AR, AT AT @B Y o)
T ESH SRS &8, R R
ISR, WA R T HEHEUSCER (il 24 v BORs 1 (R
Wl AW 5T 3 AR IR R S AR A B C
TEEVEIFREERR, WIHIGED R EL RS
TCIEMRR T F8 bR o> S EAE G A r) . Tk b
RIER RAF R G R 2 57, A F A KA
SRS 25 S I E 22 B A3 (1) HE R AE 2R .

H 3t 5 B 303 R AR il it 72
WREIHEENSE . Rgudd At “ ik
HFENAE RS V.07 AT SE R B, #5 Bk
VEN 53R E R FRR A o B 5 . A3k
KERGRW LS., FHERER BRI, AES:
R o A RS Y d ST R AR X SR

AR, 1 ARG A B BEE. BRI
A 4 P8R, B/NNATRAZRES 1 800 HEEH
T3, pH {H M ORP [P EHHE, LS 2 505
FIHEREE 7 066 AR EHHE . MELESG N T4
T A Bk RS R T NN SR FE R
%71 H 5y AR B, R PRI T SRR
AIEEMEA— D), Ak RERY B B
B AN SEL (WG 3hE P6 HE), A A
TH R AR R . X T N, B
K 755 ah -1,

JE AT 5T O ) 2 AL I3 R AR T 1R 46
A5, HATHRE BRI, ToiknEnh e &R
I3 P R R BRI o AR T R M AR
A5 eE R & [k 20861 (near infrared
spectroscopy, NIRS) | &R G RES LR, Ha
RS 2530005 2., 12 SEHURS e o
4 ZEip

RNl e G E PSRN R £ e S A
R WG A SRR R A %
REUFE BT T B DU L0 it it DL oL B
IR R B S s HLE) B 3R =, # ORI AR
JE o Y5 HAT LI T B 1 B B Ak R R
o AR, BIIMRGEIERERGEE/NA]
L3RS 1 800 23 & 45040

A, WEEE TS RS F R R
FHOGHE, JEH R CREARRR 4, XA BT RS HER 5
. AN C 5 FRERIEMHS, 5 ORP
S ORI H SR FEM ORP HER

FAR. BODEAEE S, RA N C SR
B R {EHfEN 0.810, LEEAFS T R (T
0.850, FAA R M AT o A B Tt ik il T2,
THE TSR IR C & &M CEEARR 305 JaE
RZERN s KRG HENCEE B YRORTRS (BT UR 2 B AR
TR, BARGERAHE.
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